Developments are carried out to enhance the performance of vertical axis wind turbines (VAWT). This paper studies the performance of the ducted wind turbine with convergent duct (DAWT). Basically, the duct technique is utilized to provide the desired wind velocity facing the turbine. Methodology was developed to estimate the decisive performance parameter and to present the effect of the convergent duct with different inlet angles. The ducted wind turbine was analyzed and simulated using MATLAB software and numerically using ANSYS-Fluent 17.2. Result of both approaches were presented and showed good closeness for the two cases of covering angles 12° and 20°, respectively. Results also showed that the convergent duct with an inlet angle 12° and 20° improved the coefficient of performance at a specified tip speed ratio by 25.8% and 33.33% respectively in the productivity of wind turbine.
Introduction
The development of renewable energy has become one of the most important goals due to global warming and the high consumption of energy, in addition to the fossil fuel waste and its impact on the environment in order to deal with these problems by resorting to alternative means of obtaining energy. Wind energy has become one of the fastest growing sources of energy. In recent years [1] . There have been many attempts to improve the performance of wind turbines and wolves by adding a tunnel to the torpedo called the shroud [2] . Grant and Kelly [3] developed and tested a mathematical model of a ducted wind turbine and described the integrations of the turbine according to various domain of building simulation. The study was investigated the concept of ducted wind turbine, and the integration of the wind turbine model mounted inside the building using the simulation tools.
Abdullateef et al. [4] designed and fabricated vertical axis wind turbine (VAWT) are revealed in this work. Six different geometries of the VAWT rotors were designed and manufactured. These geometries are: two straight bladed (2HB) VAWT, three straight bladed (3HB) VAWT, Savonius rotor (SI), Savonius rotor (SII), Savonius rotor (SIII) and Savonius rotor (SIIII). They compared their results with an adopted methodology and attained reasonable agreement. A number of researches have been interested in studying this concept [5] [6] [7] [8] . Performance of wind turbine can be improved just in case of good alignment between the channel and the wind, and the flow is no so gusty. Deterioration and other phenomena related to the wind turbine is demonstrated by S ّ◌rensen [9] , where various, models to portend aerodynamic forces, design of rotor-blade airfoils, analysis of wind ranch, and wind turbine wake simulations, are also considered. One of the most important issue with duct wind turbines is the bulk of the wake, which can give rise to wake interference, which can cause fatigue loading of down wind turbines and also reduce the efficiency of wind farms. These are some of the reasons why wind turbine wake structure has been studied extensively [10] [11] . Turbines built up inside small enshroud entries are also used to transfer power to the sensing system in ducts and pipes as shown in Howey et al. [12] . Hansen et al. suggested that the augmentation is limited to the relative speed-up under zero thrust. Based on inviscid 1D analysis of pressure variation through the duct [13] . The convergent duct system is considered in this paper and a comparative performance has been carried out on the convergent ducted turbine and the traditional turbine. The convergent duct turbine has the ability to accelerate the air flow through a converging intake and increasing the power that can be extracted from the air flow.
Design of the Convergent Ducting System Wind Turbine
The flow is assumed to be one dimensional steady and incompressible thus, flow the one dimension of governing equations are:
It will be noted that because the flow variables depend only on x in steady flow, these equations do not involve partial derivatives. Analytical solutions to equations 1 and 2 are easily obtained purpose here is not, therefore, to imply that it is necessary to solve this set of equations numerically. It is simply to illustrate some of the consideration that are involved in obtaining numerical solution to the equations governing incompressible fluid flows. The iterative finitedifference procedure used for the designed duct is shown in figure (1) [14]. This domain is divided into series of segment of length each of length ‫ݔ∆‬ thus:
Where N is the number of grid points and L the length of the solution domain Area at each section may be calculated as:
Where ‫ݔ‬ = ‫ݔ‬ ିଵ + ‫.ݔ∆‬ The density is constant because the flow is incompressible so the velocity at each section may be calculated as:
The pressure at point 2,,…n are then found using a first order finite difference approximation to eq.(2).using
The pressure is then calculated
Applying this equation sequentially from points i= 2,…,n allows the values of ܲ at each of these points . Power coefficient can be calculated from [15] ‫=ݑܥ‬ ‫ݐܥ‬ * ߣ … ሺ9ሻ
Numerical Analysis of the Convergent Duct Wind Turbine
The flow inside the duct and over the VAWT blade is solved numerically using ANSYS-LUENT 2017.The following section include.
Governing Equations
The dynamics of computational fluids include the differential governing equations and the nature of the flow which determines the possibility of the application for governing equations. Mathematical representations of these equations can be used in a group or individually depending on the uses of the output desired. Equation include the properties for any fluid which represent the conservation for mass and momentum. In such case, we are using with the equation of continuity with the application of the model K-Ω . 
Geometry
A 2D analysis for NACA 0012 air foil is treated by Ansys design. The convergent duct system for different geometry formed after create the geometry of airfoil. Three airfoils are creating for bladed and separated by 120 ° . 
Mesh Generation
Solutions by using the numerical methods demand accurate meshing for the geometry. The quality for the mesh depending on the accuracy for the solution of the numerical. The precision of numerical solution depending on the mesh size. the smaller mesh size needed to produce more accuracy result. The reduction mesh size need more computer memory and processing time. 
Boundary Condition
The performance inlet conditions and the design choices of the present study were set basing on experience. Boundary condition for convergent duct wind turbine summarized in table (2). 
Turbulence
In this study modeled SST (K-߱ሻ used for wall bounded turbulent flow around the vertical axis wind turbine The Two equation of SST (K-߱ሻ turbulent model is: [16] డሺఘሻ డ௧
Reference Values
Chord 
Result and Disscusion
The convergent duct is firstly designed to attain the desired velocity at the inlet of turbine. The duct is converged by 12° and 20° angles. The velocity is increased by 47% and 50% respectively shown in figure (5) . However, the static pressure decreases in both cases the benefit of enhanced velocity was achieved as shown in figure (6) . The velocity contours show that velocity at the inlet duct equal 10 m/s, it increases gradually until the turbine entry as shown in figures (7&8). This increase in speed causes an increase in the rotation speed of turbine. This will increase the power and power coefficient of the wind turbine. Figure (9) and (10) show the pressure contour pressure being to reduce at the convergent duct between the inlet duct and the out let of the duct. The maximum pressure at the inlet duct this gradually decreased toward the throttle. The high energy that can be obtained from the feathers is due to the height of the lifting coefficient, which is produced by the pressure differential on both sides of the wing. Figure (11 ) Show the power coefficient against tip speed ratio calculated by Ansys. To describes how to use wind energy and convert it into turbine power through a factor called a performance factor. Performance coefficient the wind turbine depends on the type of airfoil, the thickness of the blade and the Reynold number. Figure ( Respectively. Results showed that the larger the converging angle, the higher is the power coefficient Cp at a certain range of TSR. This is because the increase in the velocity with increase the inlet angle of the duct System. The power coefficient enhanced at a tip speed ratio equal 1.5 for convergent duct when the converging angles 12° , 20 ° by 25.8%, 33.33% respectively. Figure (13& 14) show a little difference in the power coefficient value between analytic and numerical solution this difference. This is due to the limitation in numerical solution and that 2D solution does not take into account secondary flow and vortex generated at tip. Pressure and velocity distribution along 3D blade there for a good agreement is observed for all cases.
Conclusions
Utilization of wind turbines with different configurations are facing the restriction of intermittent and low wind speed. Ducted system; convergent, divergent and convergent divergent even with reflectors were employed to enhance the productivity of wind turbines. In this paper, a convergent duct with two converging angles are considered. It was concluded that, increasing the angle of convergence lead to enhance the productivity of the wind turbine regarding less to the drop-in pressure because of the dependency of power on the cubic wind speed. This privilege assist installing wind turbine system in converging gates of buildings and in manufactured adapted ducts and consequently alleviating the use of DAWT systems in low wind speed regimes like Iraq. 
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